A novel regulatory metal binding domain is present in the C terminus of Arabidopsis Zn2+-ATPase HMA2.
HMA2 is a Zn2+-ATPase from Arabidopsis thaliana. It contributes to the maintenance of metal homeostasis in cells by driving Zn2+ efflux. Distinct from P1B-type ATPases, plant Zn2+-ATPases have long C-terminal sequences rich in Cys and His. Removal of the 244 amino acid C terminus of HMA2 leads to a 43% reduction in enzyme turnover without significant effect on the Zn2+ K(1/2) for enzyme activation. Characterization of the isolated HMA2 C terminus showed that this fragment binds three Zn2+ with high affinity (Kd = 16 +/- 3 nM). Circular dichroism spectral analysis indicated the presence of 8% alpha-helix, 45% beta-sheet, and 48% random coil in the C-terminal peptide with noticeable structural changes upon metal binding (8% alpha-helix, 39% beta-sheet, and 52% random coil). Zn K-edge XAS of Zn-C-MBD in the presence of one equivalent of Zn2+ shows that the average zinc complex formed is composed of three His and one Cys residues. Upon the addition of two extra Zn2+ ions per C-MBD, these appear coordinated primarily by His residues thus, suggesting that the three Zn2+ binding domains might not be identical. Modification of His residues with diethyl pyrocarbonate completely inhibited Zn2+ binding to the C terminus, pointing out the importance of His residues in Zn2+ coordination. In contrast, alkylation of Cys with iodoacetic acid did not prevent Zn2+ binding to the HMA2 C terminus. Zn K-edge XAS of the Cys-alkylated protein was consistent with (N/O)4 coordination of the zinc site, with three of those ligands fitting for His residues. In summary, plant Zn2+-ATPases contain novel metal binding domains in their cytoplasmic C terminus. Structurally distinct from the well characterized N-terminal metal binding domains present in most P1B-type ATPases, they also appear to regulate enzyme turnover rate.